Summary Sparing of normal tissue, mouse tail skin, by fractionation of light treatment in photodynamic therapy has been demonstrated in BDF1 mice injected with 2mg tetrasodium-meso-tetra(4-sulphophenyl) porphine dodecahydrate i.v. When the time between 2 fractions of 67.5 Jcm-2 and 90Jcm-2 was increased to 2 and 4 days respectively the incidence of necrosis fell to that expected after a single fraction. Blood flow in the tail skin 5 days after the second light fraction, as measured by the clearance of an intradermally injected solution of 133xenon in 0.9% saline, returned to control values when the time between 2 fractions was 2 days with 67.51Jcm-2 fractions, and 3 days with 90Jcm-2 fractions. al., 1987) and chloroaluminium phthalocyanine (Ben Hur et al., 1985) .
Photodynamic therapy (PDT) is based on the selective retention of certain photosensitising drugs in tumours. Exposure of these tumours to light results in activation of the drug and destruction of the tumour cells. There is evidence that mammalian cell lines may accumulate 'sublethal damage' on exposure to PDT. Many workers report an initial shoulder region on curves of cell survival vs. light dose, obtained in vitro. This has been found in experiments using benign cell lines, e.g., Chinese hamster ovary cells (Gomer & Smith, 1980) and human lymphocytes (Ben Hur et al., 1987) and for cells derived from malignancies, e.g., NHIK cells from carcinoma in situ of the cervix (Moan et al., 1979a) and mouse mammary carcinoma cells (Dougherty et al., 1976) . It has also been reported in experiments using different photosensitising drugs, e.g., haematoporphyrin (HP; Moan et al., 1979b) , haematoporphyrin derivative (HPD; Christensen et al., 1984) , meso-tetra sulphophenyl porphine (TPPS; Evensen et al., 1987) and chloroaluminium phthalocyanine (Ben Hur et al., 1985) .
Evidence that environmental conditions may modulate the expression of this sublethal damage initially came from studies on the effect of temperature on the shapes of cell survival curves following PDT. Moan et al. (1979a) noted that following exposure to HP, irradiation of NHIK cells in vitro at 4°C resulted in more efficient inactivation than irradiation at 37°C and there was no shoulder on the cell survival curve. Subsequently, Gomer et al. (1985) demonstrated an inhibition of repair of 'potentially lethal damage' when Chinese hamster lung fibroblasts that had received prolonged exposure to HPD, were held post-irradiation at 4°C or in the presence of the metabolic inhibitor caffeine.
Attempts to measure repair of sub-lethal damage by splitdose experiments in vitro have been reported by Moan et al. (1979a) , who found that for NHIK cells exposed to light in the presence of HP, a given total light dose was more efficient when it was fractionated than when given in a single exposure. Subsequently however, Christensen et al. (1985) used the same cell line to demonstrate that relative survival after two doses was a complex function of the interval between doses and that 'sparing' occurred with a 3 h interval. Bellnier & Lin (1985) found that survival of EJ human urinary bladder carcinoma cells rapidly increased with interval between two light fractions, reaching a maximum at 9 h.
The aim of the present study was to determine whether or not fractionation of light treatment resulted in sparing of tissue in vivo, using as a model normal mouse tail skin. a recent renewal of interest, both experimentally (e.g. Evensen et al., 1987) and clinically (Sacchini et al., 1987) . Tissue injury was assessed using two endpoints:
1. the incidence of tail necrosis, as described by Moore et al. (1986) Xenon clearance The use of the xenon clearance technique for measurement of blood flow in mouse tail skin following PDT has been described previously (Benstead & Moore, 1988) . In the experiments reported here blood flow in the tails was stimulated 15min before and during measurement by raising ambient temperature to 37°C. The mice were restrained in a perspex container and 5p1 of 133xenon in 0.9% saline was injected intradermally into the distal end of the treated area. The injection site was positioned under the centre of a scintillation counter attached to a ratemeter and the activity was recorded at 2 minute intervals for a minimum of 10min. The slope of the line, obtained when the logarithm of the remaining activity was plotted against time, was a function of local blood flow (Kety, 1949) . Results were analysed by a computer programme to obtain the least-squares best fit for the exponential half-time (TI) for xenon clearance.
Experimental design 1. The relationship of the interval between injection and light treatment to the probability of necrosis There were 6 mice in each experimental group and the experiments were repeated once, the data being pooled. Figures 3 and 4 , the incidence of tail necrosis decreased significantly with increasing time between the 2 fractions, both with 67.5 Jcm-2 fractions (P<0.0001) and 90Jcm-2 fractions (P<0.0001). The levels had returned to those expected after a single fraction when the time between the fractions was increased to 2 days in the case of 67.5 Jcm-2 fractions and 4 days in the case of 90Jcm-2. (Figure 3) , and to 4 days with 90Jcm-2 fractions (Figure 4) i.e., there was full recovery from the initial fraction. As demonstrated in Figures 1 and 2 , the blood flow in the tail skin was not significantly different from untreated animals by day 5 in mice treated with a single fraction of 67.5 Jcm-2 or 90JCcm-2. Therefore any impairment of blood flow on day 5 after the second light fraction in the split dose experiments must have been due to the effect of combining this second fraction with an initial fraction. Recovery from this initial fraction, as demonstrated by a return to day 5 T2 levels not significantly different from untreated controls, was demonstrated if the time between the 2 fractions was increased to 2 days with 67.5 Jcm-2 fractions ( Figure 5 ) and 3 days with 90Jcm-2 fractions (Figure 6 ).
The ED 0 remained constant when the time injection and light treatment was prolonged from 1 to 7 days, in agreement with a study by Moore (1987) however, was still significantly higher than the controls but was significantly less than the peak values. At 3 days between the fractions the levels were not significantly different from the controls. 
